OBJECTIVE-Although the efficacy of meditation interventions has been examined among adult samples, meditation treatment effects among youth are relatively unknown. We systematically reviewed empirical studies for the health-related effects of sitting-meditative practices implemented among youth aged 6 to 18 years in school, clinic, and community settings.
MEDITATION AND TECHNIQUE
The term "meditation" has been defined in various ways, and in Western culture can be conceptualized as a distinct psychological practice from its original religious and cultural roots and philosophies. Meditation practice can be explained as the deliberate self-regulation of attention in the present moment and typically comprises concentration, relaxation, altered states of consciousness, suspension of logical thought, and maintenance of a self-observing attitude. 5 Meditation has also been defined as a practice that emphasizes maintaining alertness and expanding self-awareness with an increased sense of integration and cohesiveness. 6 Meditation also differs in form. Sitting-meditative practices used among youth include, but are not limited to, mindfulness meditation (MM) based on vipassana or "insight" meditation, and TM derived from the Vedic tradition of India. Physical movement forms of meditation used among children (ie, tai chi and Hatha yoga [see ref 7 for a systematic review of yoga interventions among youth]) are commonly based on Hatha yoga techniques, which include muscle relaxation, breath control, and mental focus on particular body movements and self-manipulated postures. 8 Empirical evidence supports the notion that some forms of meditation such as TM may be more effective than others (eg, mantra meditation, relaxation, etc) in reducing ailments and promoting health. 9 In MM, the meditator sits comfortably and silently, "paying attention in a particular way: on purpose, in the present moment, and non-judgmentally." 10 The meditator consciously scans perception entering the field of awareness, welcoming rather than avoiding thoughts, emotions, sensations, and distractions. 11, 12 By observing thoughts and emotions from this detached perspective, clarity of mental perception can be attained. Thus, the content of thought is monitored as well as the feelings and reactions associated with them. MM was manualized and termed mindfulness-based stress reduction (MBSR) by Kabat-Zinn. 13 MBSR was originally aimed at mindfulness techniques to reduce chronic pain and stress but is currently used to treat a spectrum of ailments and unhealthy behaviors and is increasingly used in clinical psychology. 14 Therapies have followed the MBSR modality, such as mindfulness-based cognitive therapy (MBCT), which are adapted for the developmental needs of school-aged children. 15 TM, developed by Maharishi Mahesh Yogi, involves techniques that require neither concentration nor contemplation and allow the body to effortlessly reach a level of deep calmness while the mind achieves a stability of attention through a 15-to 20-minute practice done twice per day while sitting comfortably. 16 TM practice uses the sound value of a mantra to draw attention within the mind, experience quieter levels of thinking, and draw forth a restful state of awareness referred to as "clear consciousness" 17 (see refs 18 and 19 ). The TM course begins with 7 simple steps of instruction involving ~90 minutes per class, including an introductory and preparatory lecture, personal interview, and 4 days of instruction. 16 Although the description of MM and TM may differ regarding their focus of attention, overlap does exist. 20 Several systematic reviews [21] [22] [23] [24] [25] [26] [27] [28] and meta-analyses [29] [30] [31] have provided empirical support regarding the efficacy of meditative practices among adult samples for outcomes including depression, anxiety, panic disorders, binge-eating disorders, substance abuse, hypertension, other cardiovascular disorders, pain syndromes, respiratory disorders, dermatologic problems, immunologic disorders, and symptoms of breast and prostate cancer. Only 1 review of meditation interventions included adult and youth samples, and this article focused solely on TM and its effects on cardiovascular functioning. 32 
THE PSYCHOPHYSIOLOGICAL PROCESS OF MEDITATION
The psychophysiological processes attributed to meditation practice have been documented in adult studies, and although it is unknown if these same processes occur in youth, similar process may exist. Among adults, the impact of meditation practice on health-related and cognitive outcomes is partially mediated through neurophysiological changes (see the review in ref 33) . For example, meditation is found to help control the hypothalamicpituitary-adreno-cortical axis and associated systems (eg, parasympathetic nervous system), which are pathways that control stress-response mechanisms and regulate various bodily processes including digestion, immunology, mood, and energy usage. Meditation can also affect neuroendocrine status, metabolic function, and related inflammatory responses 29 and can decrease experienced stress load. 34 Relaxed attention can also permit more flexible psychological and behavioral responses to internal and external cues, 35 possibly through a restructuring of frontal brain regions associated with self-regulation. 36, 37 In addition, actively focusing the mind on nonmotor activities, such as meditation, is associated with dopamine release in ventral areas of the brain, 38 which is a process that can enhance positive mood states.
THE PRESENT STUDY
Although more than 800 studies have investigated the therapeutic effects of meditation practices, the vast majority of these studies were among adults. 25 As meditation interventions become more widely implemented among youth in schools, hospitals, clinics, and community settings, empirical evidence is needed to support and guide these programming efforts. Thus, we sought to determine if similar benefits of adult meditation are found among children and adolescents by conducting a systematic literature review of meditation interventions used among these younger populations. The aim of this systematic review was to determine the state of empirical research related to the treatment efficacy of sitting-meditation interventions implemented among youth aged 18 years and younger in school, clinic, and community settings.
LITERATURE-SEARCH METHODS
Electronic databases (PubMed, Ovid, Web of Science, Cochrane Reviews Database, and Google Scholar) were searched to identify empirical articles relevant to sitting-meditation interventions among youth. For this review, sitting-meditation techniques were defined as sitting-meditation practices that do not involve physical exertion. Key words, and various combinations of key words, used in search engines included "meditation," "mindfulness," "transcendental," "adolescents," and "children," and searches produced more than 150 citations. Searches were refined to include articles published between January 1982 and December 2008. The year 1982 was selected as a starting point because it was the earliest date that an electronic database provided access to a full-text article relevant to this study. In addition to computer-assisted searches, bibliographies of acquired articles were scanned to acquire additional studies. Finally, leading authors in the area of empirical studies of meditation were contacted by e-mail and requested to provide additional unpublished data or articles in press. Meditation interventions were operationalized as programs using meditation techniques that involve (1) a breath, image, sound, or mantra to focus the mind and/or (2) passively observing arising thoughts and sensations to become mindful of the present moment. Inclusion criteria included (1) nonmovement meditation was the main intervention modality, (2) study participants were aged 18 years or younger, (3) there was a quantitative outcome that was health related or psychosocial in nature (outcomes such as intelligence measures were excluded), (4) interventions were delivered in schools, community facilities, or clinics, and (5) the study results were published in a peer-reviewed, English-language journal. Studies were typically excluded because of age criteria and lack of sitting meditation as a main intervention component. Single-participant case studies were also excluded. Movement forms of meditation such as progressive muscle relaxation, yoga, or tai chi were not included, because the beneficial effects of meditation could not be easily separated from those derived from physical exertion. Sixteen publications met our final criteria and comprised the final sample for this review. Effect sizes were calculated by using Cohen's d formulas for all studies that provided sufficient data (see ref 39 ). Cohen's d derives effect sizes in SD units. For studies using between-group designs, treatment effect sizes were calculated with the following formula, which accounted for relative differences between the treatment and control groups:
The notation (M tx1 − M tx2 ) refers to the difference between the treatment group means on a specific outcome measure from before to after the test; the notation (M c1 − M c2 ) refers to the difference of the control group means from before to after the test; and SD pooled is the pooled SD of the 2 groups. A similar calculation was used for studies that used within-group designs; however, because there was no control group, posttest means were subtracted from pretest means of the same group, and this difference was divided by SD pooled .
RESULTS

Sample Characteristics
The intervention descriptions, study samples and designs, outcome measures, effect sizes, and key findings of the 16 studies containing a total of 860 participants are described in Table 1 . Studies included participants from 6 to 18 years of age. Studies that examined physiologic outcomes were almost entirely composed of black participants, [40] [41] [42] [43] [44] whereas the remaining studies that examined psychosocial and behavioral outcomes were composed of a more-diverse group of participants, including white, Hispanic, black, Asian, and "other." Among the psychosocial/behavioral study samples, 2 were mainly black, 45,46 2 were mainly Hispanic, 47,48 1 was completely white, 49 and 5 were mostly male. 45, 46, [50] [51] [52] Studies were primarily conducted in elementary, 52, 53 middle, 42, 46, 49 and high schools, 40, 41, [43] [44] [45] 50 followed by clinics 48, 51, 54, 55 and community centers. 47 All studies that examined physiologic outcomes were conducted in school settings, whereas studies that examined psychosocial/behavioral outcomes were conducted across all 3 settings. Study participants were most often recruited on the basis of adolescents' preexisting physiologic condition such as high-normal systolic blood pressure (SBP) 40, 41, [43] [44] [45] or psychiatric conditions such as ADHD diagnosis, 45, 51, 52, 54, 55 learning disability, 47, 48, 50 or conduct problems. 49 Only 3 studies included samples that included non-clinical volunteers. 42, 53, 54 
Meditation Interventions
Thirty-one percent (n = 5) of the studies examined physiologic outcomes, and 69% (n = 11) examined psychosocial/ behavioral outcomes. The majority of studies used MM (n = 6) and TM (N = n), followed by MBSR (n = 2) and MBCT (n = 2). Studies that examined physiologic outcomes used TM and MM interventions, whereas studies that examined psychosocial/behavioral outcomes used TM, MBSR, MBCT, and MM interventions. The extent of the interventions varied across studies, ranging from 4 weeks to 4 months, with individual sessions ranging from 10 minutes to more than 2 hours. The range of studies examining physiologic outcomes provided meditation sessions that lasted 10 to 15 minutes, twice per day, from 2 to 4 months. Studies that examined psychosocial/behavioral outcomes provided sessions that ranged from 5 minutes to 2.5 hours, 1 to 2 times per day, spanning 4 weeks to 4 months.
Study Designs
The majority of intervention designs were randomized, controlled trials (RCTs) (n = 11), and the remaining studies (n = 5) had a pretest/posttest no-control-group design. Of the RCTs, control groups were provided health education, [40] [41] [42] [43] [44] [45] provided treatment as usual, 53, 54 or given the intervention at a later time (wait-list control). 47, 48 Only 1 study design contained 3 conditions including a TM, muscle relaxation, and wait-list control arm. 51 Nine of the RCTs reported equivalence of participants on key variables across treatment groups, [40] [41] [42] [43] [44] [45] 47, 48, 54 and 2 studies did not provide data regarding this information. 51, 53 Sample sizes for studies ranged from 3 to 194 participants, with a mean sample size of 53.8 for all studies combined. The majority of studies that used a comparison group maintained a relatively proportionate sample size in each treatment arm. However, 1 study had more than double the participants in the control arm relative to the treatment arm. 44 
Intervention Effects on Physiologic Outcomes
Primary physiologic outcomes included SBP, diastolic blood pressure (DBP), heart rate (HR), cardiac output (CO), endothelium-dependent vasodilation to reactive hyperemia (EDAD), and urinary sodium excretion rate (USER). These studies were almost entirely composed of black adolescents. [40] [41] [42] [43] [44] [45] In addition, all of these studies had outcomes solely related to cardiovascular functioning. Of the 4 studies that examined SBP, there was consistent evidence that meditation decreased SBP relative to controls. [40] [41] [42] 44 Decreases in DBP were not consistently found. Two studies identified marginal DBP reductions in the meditation group relative to controls, 40, 41 and 2 studies found no significant difference between groups. 42, 44 A single study found that meditation positively affected EDAD, which is an indicator of endothelial dysfunction, 43 whereas another study found meditation to improve USER (an indicator of sodium handling). 44 Of the 4 studies that examined differences in HR, 1 study 40 found significant decreases, 2 studies 42,44 found decreases with significance dependent on the time of measurement, and 1 study found null results. 41 Median effect sizes for dependent variables across studies with physiologic outcomes ranged from 0.16 to 0.29 (observed range: −0.10 to 0.72).
Intervention Effects on Psychosocial and Behavioral Outcomes
Primary psychosocial/behavioral outcomes included anxiety (eg, State-Trait Anxiety Index, Revised Children's Manifest Anxiety Scale), social behavior (eg, Child Behavior Check List), and psychological disorders (eg, ADHD, depressive symptoms). Of the 7 studies that examined changes in anxiety, [46] [47] [48] 50 ,53-55 5 revealed significant decreases in anxiety attributed to meditation. 46, 48, 50, 53, 54 Of the 9 studies that measured changes in social/ behavioral problems, 7 showed meditation to significantly improve absentee periods, 45 rule infractions, 45 externalizing problems, 47,50-54 attentional problems, 48, 51, 53 self-esteem, 54 and suspension days 45 that result from behavioral problems. Two studies with small sample sizes that ranged from 3 to 5 participants indicated trends toward improved social/behavioral functioning. 49, 52 These improvements were noted in levels of aggression, bullying, adaptive functioning, and externalizing behavior. Of the 3 studies that examined changes in depression, 1 study 54 revealed significant reductions, whereas 2 studies reported nonsignificant reductions in depression scores. 47, 55 Participants in the 2 studies that showed null results reported low baseline depression scores that did not reach clinically significant cutoff points. In a study of males diagnosed with ADHD, the meditation group increased selective attention, reduced impulsivity, and decreased distractibility relative to controls. 51 A second study of children with ADHD was inconclusive in that it could not determine the differential effects of the meditation intervention for the child sample because adults were included in the statistical analysis. 55 Median effect sizes for dependent outcomes variables across psychosocial/behavioral studies ranged from 0.27 to 0.70 (observed range: 0.03 to 1.09).
Compliance and Retention Rates
Compliance in the reviewed studies was defined as attendance to treatment sessions at the study site and/or at home. Retention was defined as the percentage of participants who completed survey measures, follow-up visits, and procedures as specified in the study protocol. Treatment compliance percentages ranged from 68% to 90%, and study retention rates ranged from 64% to 100% for the studies providing these data. Mean compliance and retention rates for all the studies combined were 77% and 84%, respectively. Of the 3 studies with 100% retention rates, 45, 49, 50 none had total sample sizes larger than 45 participants.
DISCUSSION
Our review of 16 studies provides initial evidence that sitting meditation can be an effective intervention for the treatment of physiologic, psychosocial, and behavioral problems among children and adolescents. Observed effect sizes ranged from null to 1.09, with median effect sizes across studies ranging from 0.16 to 0.29 for physiologic outcomes and 0.27 to 0.70 for psychosocial/behavioral outcomes. Although there have been too few studies to make strong inferences, the effects sizes are slightly smaller than findings reported among adults. 29, 56 Baer 56 found MM interventions among adults to yield effect sizes ranging from 0.08 to 1.35 with a mean effect size of 0.59 (SD: 0.41). Moreover, Gross-man et al 29 reviewed 20 meditation-intervention studies among adults and found mental health mean effect sizes ranging from 0.30 to 0.67 and physical health mean effect sizes ranging from 0.25 to 1.01. Thus, meditation interventions among both youth and adults typically yield small-tomedium effect sizes across a variety of health outcomes.
There are several limitations to these studies. Only 16 studies among youth have been conducted, in relation to more than 800 meditation-intervention studies published among adults, indicating a great need for research among younger populations. The results of the 16 studies reviewed have limited generalizability. Seven studies contained samples with a majority of black adolescents, and all 5 studies that examined physiologic outcomes were mainly composed of black subjects at risk for cardiovascular problems. In addition, almost all the studies reviewed were completed with clinical populations that were recruited for participation on the basis of a pre-existing condition such as high-normal blood pressure, ADHD, learning disabilities, and/or conduct problems. In addition, meditation treatments that focused on physiologic outcomes were conducted primarily in school settings. Thus, future meditation-intervention studies are needed with diverse samples of youth in a variety of treatment settings. Studies among youth are also needed to measure the impact of meditation on aspects of positive functioning including well-being, mood enhancement, social intelligence, and self-regulation, particularly in universal settings (see ref 57) .
The current state of evidence is also limited by study-design factors, lack of data regarding mediating variables, and incomplete data reporting. Studies examining physiologic outcomes have all been RCTs; however, ~50% of studies that examined psychosocial/ behavioral outcomes lacked a comparison group. Moreover, sample sizes in some of the studies reviewed were very small, [46] [47] [48] [49] 52, 55 which may influence the power to detect a treatment effect. Seven of the 16 studies in this review did not demonstrate sufficient statistical power (1−β ≥ .80; see ref 58) . Thus, more RCTs are needed to enroll an adequate number of youth. In terms of measurement, future studies need to measure possible mediators of meditation to determine how these interventions function to produce enhanced health status. Valid scales have been developed to measure possible mediators such as mindfulness. [59] [60] [61] In addition, because some studies did not provide complete information required for critical appraisal and interpretation, future studies should use the Consolidated Standards of Reporting Trials (CONSORT) 62 guidelines to report their findings.
CONCLUSIONS
Meditation interventions have been increasingly implemented among youth despite a paucity of empirical support among younger age groups. This systematic review of the literature describes the current state of research pertaining to sitting-meditation interventions among youth and finds meditation to have beneficial effects across physiologic, psychosocial, and behavioral outcomes. Because the majority of these studies contained relatively small, clinical samples, larger-scale empirical research efforts among demographically diverse samples in various settings are needed to clarify the treatment efficacy of this approach, particularly in universal health promotion and primary prevention efforts. Although much remains to be discovered about the effects of meditation on health, carefully constructed research will advance our understanding of sitting meditation and its future use as an effective treatment modality among younger populations.
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